Abstract. Barley is a crop that has been classified as tolerant to soil salinity, but under sprinkler irrigation with saline water it can readily absorb salts through its leaves and develop injury. Experiments using a triple-linesource sprinkler system were conducted on barley between 1989 and 1991 to determine: (1) the specific effects of foliage wetting on the mass of different shoot components; (2) the relative contribution of root and foliar absorption processes to foliar C1 accumulation; and (3) the extent by which these processes affect C1 partitioning in the shoot at the end of the season. Some plants were covered with plastic during the irrigation process to prevent foliar wetting while others remained uncovered. Salinity affected the partitioning of dry matter in the shoots regardless of whether plants were covered during the irrigation process. The organs associated with reproduction, e.g., heads and peduncles, comprised a larger fraction of the total shoot biomass under high salinity than under low salinity, indicating that plants under salinity stress were able to redistribute their dry matter to favor reproductive growth. The C1 concentration of the young leaves sampled from uncovered plants was linearly related (i.e., r2> 0.71) to the C1 concentration of the irrigation water. Equivalent leaves from covered plants also contained a substantial amount of C1 but concentrations were weakly correlated (i.e., r2_< 0,41) with the concentration of CI in the irrigation water. At low salinity, there were no differences in leaf C1 concentrations between covered and uncovered treatments. In young leaves, differences between these treatments progressively increased with increasing salinity, indicating that the relative contribution of CI in the leaf from foliar absorbed salts increased with increasing C1 in the irrigation water. Only in the youngest leaves sampled at the end of the season from plants grown at high salinity was the C1 concentration in uncovered plants (foliar plus root-absorbed CI) found to be more than twice that in covered * Present address: Department of Land, Air and Water Resources, University of California, Davis, CA 95616, USA Correspondence to: R. Aragii~s plants (only root-absorbed C1) indicating that most of the C1 in young leaves originated from foliar absorption. In addition, only in the youngest leaves (e.g., flag leaves) was the slope of the relationship between leaf-C1 concentration and C1 concentration of the sprinkling water of uncovered plants more than twice that of covered plants, also indicating that foliar-Cl absorption was more substantial than root-Cl absorption. At high salinity, the difference in leaf C1 concentration between covered and uncovered plants was maximum in the youngest leaf (flag leaf), but differences became progressively smaller with increasing leaf age until ultimately concentrations of chloride in leaves older than the flag leaf-2 were highest in covered plants. In older tissue, it was difficult to distinguish which process, foliar or root absorption, was most responsible for leaf-C1 accumulation. These processes may not be entirely independent of one another and much of the C1 in the oldest leaves of uncovered plants could have been derived from foliar sources during the first month of sprinkling, reaching maximal levels, and thereby restricting root-absorbed C1. Furthermore, since these leaves at the end of the season are more injured and drier than those from covered plants, late-season sprinkler irrigations may have been responsible for leaching some of the C1 out of these necrotic leaves.
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Sprinkler irrigation with saline water often decreases the yield of the crop more than if the same water is applied by surface or drip irrigation methods Francois 1973, 1975; Gornat et al. 1973; Meiri et al. 1982 ). This is not surprising since many crops under sprinkler irrigation absorb salts directly through their leaves and suffer foliar injury (Bernstein and Francois 1975; Busch and Turner 1967; Ehlig and Bernstein 1959; Francois and Clark 1979; Gornat et al. 1973; Harding et al. 1958; Maas et al. 1982a, b) . Although foliar salt accumulation and injury has been considered to be a major cause of this yield reduction, no information is available to predict yield losses as a function of salt concentration of the sprinkling water (Maas 1985) . Foliar injury from saline sprinkling water, however, may not always translate into a yield reduction. Injury produced on many annual crops from six weeks of sprinkler irrigation in a greenhouse using water with an EC of 1.5 to 6.0 dS/m did not reduce yields below those of uninjured controls (Maas et al. 1982 b) . In another case, plum trees sprinkled one season with saline water produced severe foliar injury but yields were not affected (Mantell et al. 1989 ). In the subsequent year, however, yields were reduced because of a decrease in fruit-set, even though sprinkling with saline water was discontinued.
Plants that are sprinkle irrigated with saline water can accumulate salt in their leaves by two processes: (1) by root absorption and subsequent translocation to the leaves; and (2) by direct foliar absorption. Root absorption is a rather selective process and most crop plants are relatively effective at excluding much of the salts in the soil solution (i.e., CI and to a larger extent Na) from entering the leaves. The absorption of salts by leaves is less selective (Aragfi6s et al. 1994 ) and Na and C1 in the sprinkling water can enter the leaf in proportion to their concentration (Maas et al. 1982a, b) . Therefore the advantage of ion-selective processes that the plant root has acquired through evolution may be lost under sprinkler irrigation (Grattan 1993) .
Susceptibility to foliar injury varies among crops but not necessarily in strict relation to the rate of foliar saltabsorption (Maas et al. 1982b; Maas 1985) . Tree crops, for example, are known to be susceptible to specific-ion toxicities when grown in saline soils (Maas 1990 ), but were found to vary in their sensitivity to sprinkler-applied salt solutions (Ehlig and Bernstein 1959) . Leaves of deciduous tree crops (almond, apricot, and plum) and orange absorbed substantial amounts of Na and C1 and were severely damaged by saline sprinkling water whereas those from avocado, which absorbed Na and CI more slowly, were not damaged. Most annual crops are not normally susceptible to specific-ion toxicities but can be particularly sensitive if sprinkle irrigated with saline water (Bernstein and Francois 1975; Gornat et al. 1973; Maas etal. 1982a, b) . Tomato and potato readily absorbed Na and C1 into their leaves under sprinkler irrigation with saline water and were severely injured whereas sorghum and cauliflower absorbed salts in their leaves more slowly and were only slightly injured. Safflower, on the other hand, readily absorbed salts by its leaves but was only slightly injured.
Experiments at the US Salinity Laboratory showed that Na and C1 absorption by leaves from many herbaceous crops, including barley, were not only linear functions of the hours sprinkled (Maas et al. 1982a, b) but that increased irrigation frequency contributed more to foliar salt accumulation than increased sprinkler duration (Maas etal. 1982a) . Although these greenhouse experiments were useful in distinguishing sensitivities among different crops to saline sprinkling water, they were not designed to determine the relative contribution of root-and foliar-absorption processes to foliar-C1 accumulation or to determine what impacts these absorption processes have individually, and collectively, on crop yield in field conditions.
The experiments described here used a triple linesource sprinkler system developed and tested by Aragi~6s et al. (1992) to: (1) evaluate the specific effects of foliage wetting on the biomass of different shoot components; (2) determine the relative contribution of root and foliar absorption processes to foliar CI accumulation in fieldgrown barley; and (3) determine the extent to which these absorption processes affect C1 partitioning in the shoot at the end of the season.
Materials and methods
The triple-line-source sprinkler (TLS) system at the Servicio de Investigacion Agraria (SIA) field experimental site in Zaragoza, Spain, described in detail by Aragii6s et al. (1992) , was used for our study. Three parallel sprinkler laterals were spaced 15 m apart, a distance equivalent to the wetted radius of a sprinkler. Sprinklers along the lateral were spaced 4.5 m apart. The center line discharged saline water while the outer lines discharged low-saline water. This arrangement produced a linear salinity gradient between the center and outer laterals while providing an even distribution of water (irrigation uniformity >90%). Minimum and maximum EC values and major-ion concentrations in the applied water for each season are presented in Table 1 .
Irrigations were scheduled according to evapotranspiration estimates over a 10-d period from pan evaporation data and sitespecific crop-coefficients for non-stressed barley. Experimental plots were irrigated two to three times per week for 30 to 36 min per irrigation. The total number of irrigations throughout the experimental period in 1989, 1990, and 1991 were 34, 29 , and 31 and the total quantity of water applied by sprinkling was 400, 417, and 406mm, respectively. In addition, plots received 151, 102 and 127 mm of rain during the 1989, 1990, and 1991 season. All three sprinkler laterals were supplied with low salinity water for an additional three-minute period at the end of each irrigation to remove saline water from the leaf surface and to reduce additional foliar salt absorption and injury. This post-irrigation, leaf-rinsing technique was also used by Frenkel et al. (1990) as a means of minimizing leaf burn. In 1991, a 3-min pre-irrigation with low saline water was also given as a means of reducing foliar absorption. In 1989 and 1990 , two of the four cultivars tested were planted on one side of the central (saline) lateral while the other two were planted on the other side. Before sprinkling with saline water began, some of the barley plants in each of the designated plots were covered with transparent plastic during irrigations to avoid foliar wetting during the irrigation process but allowing the soil under the covered plants to become salinized. All other plants that were tested remained uncovered. Soil borders at the perimeters of each plot assured that the sprinkling water applied to the plot was contained within the plot. In 1990, however, plants in covered treatments were covered at all times with a transparent, corrugated plastic-roof. Although the plastic roof reduced incoming radiation (400-700 nm) by 20%, temperature and humidity was relatively unaffected. The plastic roof was sloped from 1.6 to 1.4 m above the soil surface. Sprinkling water runoff from the roof was collected in containers and then distributed to the respective plots via drip irrigation on the soil surface. Soil salinity measurements, taken at 0 to 30 cm in each of the plots with a four-electrode probe, indicated that soil salinity was similar under covered and uncovered sections of the plots. In 1990, average C1 e concentrations from 0-30 cm for treatments one through five were 86, 98, 119, 140, and 166 mmol/1, respectively. These values were calculated from average soil EC e values (dS/m) using the expression; C1 (mmol/l)=-2.0+ 10.5 EC (dS/m). Sprinkling with saline water began on 6 Feb., 23 Feb., and 31 Jan. in 1989, 1990 , and 1991 and terminated on 2 June, 4 June, and 7 June, respectively. In 1989, leaves were sampled from plants on 6 April, 9 May and 23 May. In 1990, leaves were sampled on 16 April, 7 May, and 29 May. When the sampling date was before heading, the youngest most fully expanded leaf was sampled. When the sampling date was after heading, the leaf below the flag leaf (flag leaf-l) was sampled. At each sampling, leaves were green and healthy except for those taken on 29 May, 1990 . On this date, many of the leaves sampled from uncovered plots at moderate to high 149 levels of salinity were senescent or severely injured. In 1991, samples were taken on 21 May while most plants were still healthy. In this year, five samples, each containing two to three plants per sample, were taken in each of the five plots. The shoots in each sample were partitioned into seven separate components: (1) sheaths and culms; (2) heads; (3) peduncles; (4) flag leaf blades; (5) flag-leaf blades-1 (i.e., the leaf blades below the flag leaf); (6) flag leaf blades-2 (i.e., the leaf below flag leaf-l); and (7) old-leaf blades (i.e., all remaining leaves). No distinction was made between tillers and main stems before combining similar organs. At low salinity, only a small fraction of the "old leaves" were senescent at the time of sampling. At the other extreme, nearly all the "old leaves" from uncovered plants at high salinity were senescent as well as many of the "flag leaf-2" leaves. All other sampled leaves and tissues were green and healthy. The sampled plant material was washed two to three times with deionized water for 10 to 20 s to remove salts on the tissue surface, and dried in an oven at 70~ to a constant dryness. The dry tissue was weighed and then ground in a blender. The chloride concentration in the plant tissue was determined on dilute nitric-acetic acid extracts of the ground plant material by the Cotlove (1963) coulometric-amperometric titration procedure.
Results

Shoot biomass
In 1991, increased salinity of the irrigation water significantly reduced the biomass of all seven shoot components, but not in the same proportion. The fraction of whole-shoot biomass comprised by a particular component depended upon the salinity level. Depending upon the particular shoot component, this fraction either increased, decreased or was not affected by increasing salinity ( Table 2) . The values in the table are slopes, intercepts, and correlation coefficients (r) from linear regression analysis of the fraction of shoot biomass relative to the irrigation water C1 concentration. The table shows that as salinity increased, the biomass of the head and peduncle became a larger fraction of the total shoot mass (i.e., positive correlation) while the biomass fraction of sheath plus culms and flag leaf became less (i.e., negative correlation). The mass fraction of the shoot components were affected by salinity the same, for the most part, regardless of whether they were covered or uncovered during sprinkler irrigation. 
Tissue Cl concentration
Leaf CI concentration data indicate that both root and foliar absorption processes are responsible for leaf C1 accumulation. The extent to which each of these processes contribute to the overall concentration of C1 in the leaf varies among organs and with sampling time. Linear regression analysis was conducted on the relationship between leaf C1 concentration and the C1 concentration in the applied water for each cultivar in both 1989 and 1990 . No significant differences (i.e., P > 0.05) in slopes or y-intercepts were found among the different cultivars in either year. Consequently, data from the four cultivars in each of these years were combined.
In 1989, the C1 concentration in leaves from uncovered plants was linearly (r 2 =0.71 to 0.79, P<0.001) related to the concentration of C1 in the sprinkling water regardless of the sampling date (Fig. 1 a-c) . Leaf C1 concentration in covered barley plants (i.e., leaves that were not wetted during sprinkler irrigation) was not correlated as well with the C1 concentration of the irrigation water as those from uncovered plants and r 2 values ranged from 0.14 to 0.41 depending upon the date sampled.
As expected, differences in leaf C1 concentration between covered and uncovered barley plants were undetectable at low C1 concentrations in the irrigation water, but increased as the C1 in the water increased. Differences between the slopes of the relationship between leaf CI and C1 in the irrigation water, between covered and uncovered treatments, are significant (P < 0.05) while there are no significant differences between the y-intercept values. This indicates that the relative contribution of C1 in the leaf from foliar absorbed salts increased with increasing C1 in the irrigation water.
In 1990, leaves from both covered and uncovered plants were sampled at three different times throughout the season similarly to the previous season. The four cultivars tested in 1990 were 'Georgie', Hassan 'Patty', and 'Trait D'Union'. Leaf CI concentration data were again averaged and plotted (Fig. 2) .
The data from the first two sampling periods (16 April and 7 May) were comparable to those from the previous year in that: (1) leaf C1 concentration from uncovered plants increased linearly (r 2 = 0.77 and 0.88) with increasing C1 concentration in the sprinkling water; and (2) there were no differences in leaf C1 between covered and uncov-ered plants at low salinity but differences increased with increased C1 in the sprinkling water (i.e., slopes were significantly different). One difference between the data from this year and those of the previous year was that at high salinity (i.e., > 120 mmol C1/I) at the second sampiing, most of the CI in the leaves originated from foliar absorption. That is, the concentrations of CI in leaves of uncovered plants (root plus foliar-absorbed CI) were more than twice those from covered treatments (only root-absorbed C1). The difference may be attributed to the cultivars grown. In 1989, winter cultivars were tested, whereas in 1990 spring cultivars were grown. Since spring cultivars mature earlier, leaves sampled at the same date would have been physiologically older than those of the winter cultivars.
Data from the third and latest sampling (29 May) in 1990 was unlike those from the previous year. In 1990, leaf C1 concentrations in covered plants at high salinity (> 140 mmol C1/1), were significantly higher than those from uncovered plants. Furthermore, the CI concentration in sampled leaves from uncovered plants at high salinity was substantially lower than the previous sampling. For each cultivar, the concentration of CI in sampled uncovered leaves increased with increased CI in the sprinkling water to a maximum, which varied among cultivars, then decreased with increased C1 in the sprinkling water. Leaf C1 in covered plants, on the other hand, steadily increased as C1 in the sprinkling water increased.
Distribution of CI among the organs of the shoot
In order to better understand the differences in results of the third sampling between the 1989 and 1990 years, covered and uncovered barley shoots were partitioned into various organs at the end of the 1991 season and analyzed for C1. Tissue C1 concentrations in these organs are graphically expressed in Fig. 3 .
In 1991, leaf CI concentration in uncovered flag and flag-1 leaves was linearly related (r 2 0.78 and 0.86 respectively) to the concentration of chloride in the sprinkling water. Differences in leaf C1 between covered and uncovered plants progressively increased with concentration of C1 of the sprinkling water. This behavior was similar to those shown for the first two samplings in 1989 and 1990. This similarity is not surprising since all these leaves were relatively young. Thus, it is inferred that most of the C1 that accumulated in the flag leaves of uncovered plants from locations where C1 in the irrigation water exceeded 100 mmol/1 was by foliar absorption. This assumes, however, that root and foliar absorption processes operate independently.
The 1991 tissue C1 data shown in Fig. 3 indicate that C1 was partitioned differently in covered than in uncovered barley shoots. Young tissues (e.g., the peduncles and head) contained the lowest concentration of CI regardless of whether they were exposed to saline spray. This result was expected since these new organs had relatively little time to accumulate C1 as compared to older tissue. However, at the highest salinity level, heads and peduncles from uncovered plants contained significantly more C1 than those that were covered during sprinkling irrigation. The sheaths and culms, which contributed to approximately half the shoot biomass, contained a substantial amount of C1 and were responsible to a large extent for sequestering root-absorbed C1 from actively photosynthesizing leaf blades (Wolf et al. 1991) .
Leaf C1 concentrations are of particular interest. At low salinity levels, leaf C1 of covered and uncovered plants was not significantly different but leaf C1 concentrations steadily increased from young to older leaves where concentrations reached a maximum within the flag leaf-2. At high salinity, the difference in leaf C1 concentration between covered and uncovered plants was maximum in the youngest leaf (flag leaf), but the difference became progressively smaller with increasing leaf age and concentrations in old leaves were highest in covered plants. In covered plants, leaf C1 increased with increasing C! in the irrigation water, especially with increased leaf age. The slope of this relationship progressively increased (i.e., 0.87, 2.99, 4.03 and 5.71) as leaf age increased (i.e., flag, flag-l, flag-2, and old leaves). In contrast, leaf C1 in uncovered plants sampled at the end of the season, did not increase with increasing leaf age at the higher salinity levels. Instead, the slope of the relationship between leaf C1 and irrigation water C1 concentrations progressively decreased (i.e., 8.39, 6.71, 4.19 , and 3.02) with increasing leaf age.
The effects of the interaction between salinity level and leaf age on leaf C1 concentration (mmol/kg) can be seen in Fig. 4 . In this figure, the ratio ofleafCl concentration in uncovered to that in covered plants at low, medium and high irrigation water C1 concentration is plotted in relation to the leaf position (leaf age) on the shoot. In all cases, the ratio decreases as leaf age increased. However, the decrease in the ratio was greater the higher the salinity level. As salinity increased, the ratio increased in younger leaves. In the flag leaf, the ratio was greater than two at high salinity indicating that most of the C1 in the leaf was from foliar absorbed C1. However, in older leaves (i.e., flag leaf-2 and older), moderate to high salinity (72 to 188 mmol C1/1) decreased the ratio of chloride concentration of uncovered leaves to that in covered leaves. In the oldest leaves, the ratio was less than unity at all salinity levels, emphasizing that the concentration of C1 in covered leaves was greater than that of leaves uncovered during sprinkler irrigation.
Discussion
Yield data, reported by Arag/irs et al. (1994) , indicate that saline sprinkling water reduced shoot biomass of barley more when plants were subjected to foliar wetting than when they were covered during irrigation. Furthermore, they demonstrated that leaf C1 concentration was linearly related (i.e., negative slope) to yield.
In these experiments, barley plants that were uncovered during irrigation exhibited substantially more foliar injury (i.e., chlorosis and necrosis), particularly in older leaves, than those covered during irrigation. This is not surprising since older leaves have a longer opportunity to accumulate salt by foliar and/or root-absorption processes (depending upon the treatment) than do younger leaves. Salinity affected the partitioning of dry matter in the shoot whether plants were covered during the irrigation process or not. In 1991, the organs associated with reproduction (e.g., heads and peduncles) comprised a larger fraction of the total shoot biomass under high salinity conditions than under low salinity. The biomass of other tissue, such as young leaves and sheaths plus culms, was a correspondingly smaller fraction of the total shoot weight under high salinity than under low salinity. This suggests that under salinity stress the plants were able to redistribute their dry matter to favor reproductive growth.
Leaf C1 concentration of young leaves sampled from plants that were uncovered during irrigations was in nearly all cases, linearly related to the concentration of CI in the irrigation water. Equivalent leaves from covered plants also contained a substantial amount of C1 but leaf C1 concentrations were not as well correlated with C1 concentration in the irrigation water as salinity increased.
The extent by which foliar absorption or root absorption processes were contributing to overall leaf CI concentration was dependent upon the shoot tissue and sampiing date. The contribution of each process can be evaluated by two approaches. To assess the fraction of the leaf C1 that was derived from the soil via root absorption in comparison to that derived from the leaves via foliar absorption, it is appropriate to compare leaf C1 concentrations between covered and uncovered leaves at a given salinity level. If leaf CI from plants that were uncovered (i.e., root plus foliar absorption) is more than twice that from the covered (i.e., root absorption only) treatment, then more than half of the CI may be assumed to be derived from foliar absorption. On the other hand, a comparison of the slopes of the relationship between irri-153 gation water and tissue CI concentration in covered and uncovered treatments may indicate the relative importance of foliar and root absorption processes. Thus, if the slope of the uncovered treatment is more than twice that from the covered treatment, then the foliar absorption process dominates over the root absorption process in terms of foliar C1 accumulation. These comparisons are valid when y-intercepts are similar and assume that foliar absorption and root absorption processes are, for the most part, independent of one another in terms of leaf C1 accumulation. However, over the duration of the experiment, it is obvious that foliar absorption and root absorption will not always be entirely independent of one another. For example, due to differences in foliar injury, transpiration rates in uncovered plants towards the end of the season will likely be less than those that were covered during irrigations. Similarly, the cumulative transpiration of plants that were covered throughout the 1990 season may have been less than those that were uncovered. Since transpiration affects the transport of root-absorbed C1 within the plant, large differences in cumulative transpiration could affect root CI accumulation.
We found that in the uncovered treatment, these slopes were more than twice those from the covered treatment indicating that foliar absorption was the dominant process in certain young leaves (i.e., those sampled 9 May 1989; 16 April and 7 May 1990; and 21 May 1991). Our explanation of this is as follows: Root-absorbed CI accumulates in stems and older leaves of barley shoots while the young organs are protected against uptake and accumulation (Wolf et al. 1991) . Therefore the concentration of C1 in young tissue from root absorption and translocation processes, is low relative to older tissue. This ion discrimination does not occur under foliar absorption processes and young tissue exposed to saline spray can readily absorb C1 in its tissue. It is hypothesized that salts enter the foliage through the cuticle rather than the stomata (Franke 1967; Haynes and Gob 1977) . Differences in cuticular composition or thickness may exist between young and old leaves, thus resulting in a greater or lesser degree of salt absorption through the foliage. The tissue C1 concentration in peduncles and heads (both relatively young tissue) also increased linearly (r2= 0.78 and 0.84, respectively) with increased CI in the irrigation water. The slopes of uncovered treatments were both more than twice their respective covered treatments indicating that direct foliar absorption by these organs was the dominant process responsible for C1 accumulation.
Some grasses appear to preferentially partition C1 to their sheaths relative to their blades (Greenway 1962) though this effect was found to be more pronounced in sorghum than barley (Boursier et al. 1987 ). In our study, sheaths were not separated from culms, yet their combined concentration of C1 along with their relatively high percentage of biomass, suggest that much of the total shoot C1 is present in these tissues.
There were two samplings where C1 in the leaves from uncovered treatments was more than twice that of the respective covered treatments. At the 7 May, 1990 sampling, chloride in the leaves from uncovered plots was more than twice that of covered plots at irrigation water C1 levels in excess of 117 mmol/1. Similarly, flag leaves from uncovered plots sampled on 21 May, 1991 contained over twice the leaf C1 of those from covered treatments at irrigation water C1 levels in excess of 105 mmol/1 (Fig. 4) . In both these instances where leaf C1 in uncovered leaves was more than twice those in covered leaves, it is reasonable to conclude that a larger fraction of the C1 in the uncovered leaves originated from foliar absorption and that this process is mostly responsible for CI accumulation. However, in all other instances where leaf CI in uncovered leaves is less than twice that in covered leaves, one can not safely conclude that most of the C1 originated from root absorption processes. Since CI influx into root tissue was found to be dependent, to some extent, upon internal C1 concentrations (Cram 1983) , it may be possible that foliarly-absorbed C1 affects the accumulation of root-absorbed C1 in the leaf. Furthermore, leaf C1 accumulation in barley was found to be linearly related to the number of hours sprinkled in greenhouse studies for up to five weeks (Maas et al. 1982b ). Additional sprinkling did not increase leaf C1 further. It is possible, therefore, that much of the C1 in older leaves of uncovered plants at higher salinity was derived from foliar-absorption sources during the first month of sprinkling, reaching maximal levels, and thereby restricting root-absorbed C1 that would otherwise be accumulating in the leaf if the plant was not wetted by saline water. Therefore, the assumption that foliar and root C1 absorption processes are independent of one another may be valid during early stages but not necessarily later on. This hypothesis warrants further testing.
Exposure of barley plants to saline spray caused leaves to prematurely senesce. Older leaves from uncovered plants at moderate to high salinity levels were severely injured. They were often much drier at the final sampling than those from covered plants and contained less C1 (Fig. 3, old leaves) . This response was also observed on younger tissue at the final sampling in 1990 (Fig. 2 , 29 May) and in an experiment conducted at this station in 1987 (data not shown) when uncovered leaves were substantially drier than covered leaves. Maas et al., (1982a) also noted that for the initial five weeks, foliar Na and C1 concentrations increased in the leaves of pepper plants that were sprinkle irrigated with saline water, but salt concentrations often decreased thereafter when leaves became injured and senescent. Although they suggested that C1 was more likely to be the cause of injury than Na, there was no consistent correlation between foliar injury and leaf C1 concentration. Although unlikely, during the desiccation process some of the C1 in the injured and often dry leaves from these studies may be translocated out of the leaves to other tissue. More likely, the leaf CI concentrations are lower in older, often dry leaves than those from covered plants due to leaching of leaf C1 during late season sprinklings. In a very limited test in the laboratory, leaching of C1 from injured leaves during two, 30-s rinse periods with deionized water to remove leaf-surface salts, on the other hand, was found to be small (Grattan et al. 1981) . Further examination of the leaching of ions from dry and senescent leaves is warranted.
These experiments demonstrated that barley shoots wetted by saline sprinkling water, readily accumulated C1 in their young leaves by direct foliar absorption. Furthermore, foliar absorption was more important for leaf C1 accumulation than was root absorption. However, leaf C1 concentration data from older leaves of plants that were covered and uncovered can not be used to determine the fraction of leaf-C1 that accumulated from root absorption versus that from foliar absorption. Controlled solution culture studies with labeled C1 in the growth media and non-labeled C1 in the sprinkling water is needed to advance our understanding of the interactions between these two absorption processes and determine the source of the leaf CI (i.e., foliar versus root absorption) among different aged leaves.
